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Accurate detection of brain metastases is crucial for prognosis, staging and choices of subsequent therapy.\[[@ref1][@ref2]\] As a screening test for detection of brain metastases in oncology patients, fluorodeoxyglucose positron-emission tomography (FDG PET) is insensitive, particularly poor for small lesions due to limited spatial resolution of PET. Brain lesions can also be potentially masked by intense FDG uptake in brain parenchyma.\[[@ref3]\] In one early study comprised of more than one thousand patients with various malignancies, incidental detection of cerebral metastases was only found in 0.4% of patients,\[[@ref4]\] using FDG PET without hybrid computed tomography (CT) component. As a consequence, PET/CT is performed from skull base to upper thigh only in some PET centers without inclusion of brain.

With technological advances, hybrid positron-emission tomography (PET)/computed tomography scanner has assumed a more crucial role that it has been suggested as first line imaging modality for staging, restaging as well as treatment response assessment in several types of malignancies.\[[@ref1]\] In our PET center, we always include brain as a routine protocol. We aim to identify not only the sizeable cerebral metastases, but metastases with midline shift or mass effect. As the potential benefit for including brain into PET/CT protocol has not been genuinely established, we perform this retrospective study to assess the prevalence of detecting previously unknown cerebral metastases by PET/CT. Clinical impact of identifying previously unknown cerebral metastases by PET/CT is also retrospectively reviewed.

Patients and Methods {#sec1-2}
====================

A retrospective review of 1876 individual patients who underwent whole body PET/CT examination (from vertex to mid-thigh) in our PET center, from Jan 2009 to September 2009 was performed.

The total number and prevalence of previously unknown brain metastases detected by PET/CT were calculated. Positive brain metastasis was diagnosed by the attending nuclear medicine physicians based on either the abnormal PET or CT findings. Abnormal PET findings included increased or decreased FDG metabolism. Abnormal CT findings included hyperdense or hypodense lesion associated with perifocal edema, as well as other clinically significant findings such as midline shift, cerebral herniations or hydrocephalus. Patients diagnosed with cerebral metastases by PET/CT were further analyzed via the electronic patient record system for relevant clinical and radiological findings. With reference to contrast enhanced magnetic resonance imaging (MRI) or contrast enhanced CT, positive predictive value of PET/CT for the diagnosis of cerebral metastases was calculated.

Concerning our PET/CT protocol, all patients were fasted for at least 6 h before 370 MBq of FDG was injected intravenously. Scanning was initiated 60 min after administration. Patients were allowed to breathe normally. Images were taken from the vertex to the proximal thigh with PET/CT scanner (Discovery LS, GE Healthcare) with a spatial resolution 6.6 mm in the center of the field of view. Image acquisition was performed with 3 min per bed position. Low dose CT was performed for attenuation correction and lesion localization. No intravenous contrast was given. The obtained images were reconstructed using ordered subset expectation maximization iterative reconstruction algorithm, yielding axial, sagittal, and coronal slices. Z axis filter was used and a total of two iterations were performed. Dedicated 3D brain PET/CT imaging was acquired in equivocal cases. In the 3D brain imaging, 10 min per bed position was performed using 3D hanning filter. Fourier rebinning with filtered back projection was performed. Regions of interests were drawn for FDG uptake quantification on visible lesions with increased uptake, and the maximum standardized uptake value was semiquantitatively analyzed.
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Of the 1876 subjects, 71 patients (3.8%) were diagnosed with cerebral metastases by PET/CT. 31 patients were already diagnosed with brain metastases before PET/CT. The remaining 40 (2.1%) patients with previously undiagnosed cerebral metastases were further reviewed. Among them, 24 (60.0%) underwent either MRI (*n* = 5) or CT (*n* = 19) after PET/CT. A total of 17 patients were confirmed with cerebral metastases, 4 patients had cerebral infarct and the remaining 3 patients had normal radiological findings. The true positive rate was 70.8% (17/24), while the false positive rate of PET/CT was 29.2% (7/24). About 40.0% of patients (16/40) did not receive further radiological correlation due to definite diagnosis by PET/CT.

Concerning its clinical impact, 94.1% (16/17) patients with confirmed cerebral metastases on MRI or CT had subsequent change in management. Among the 16 individuals with subsequent treatment for cerebral metastasis, 10 patients underwent whole brain radiation therapy (WBRT), 2 patients underwent craniotomy and 4 patients received intravenous steroid treatment. Only 1 patient had no change in management due to poor clinical condition.

Among the 16 patients with positive PET/CT findings of cerebral metastases without further radiological correlation, 43.8% (7/16) patients had change in management after PET/CT. Among the 7 individuals, 6 patients underwent WBRT and 1 patient underwent craniotomy. For the remaining 9 patients without change in management, 2 patients defaulted clinical follow-up, 2 patients refused further treatment for cerebral metastasis, 4 patient had poor clinical condition and 1 patient died within 24 h after PET/CT exam. In summary, a total of 57.5% (23/40) patients had change in management after PET/CT.

Among the 40 patients with newly diagnosed cerebral metastases in PET/CT, 25 patients had primary bronchogenic carcinoma, 7 patients had breast carcinoma, 3 patients had carcinoma of colon, 1 patient had nasopharyngeal carcinoma, 1 patient had carcinoma of hypopharynx, 1 patient had prostate cancer, 1 patient had gastrointestinal stromal tumor, and 1 patient suffered from diffuse large B cell lymphoma. Within the study period, our PET center performed 327 CA lung cases, 317 CA colon cases and 275 CA breast cases. They accounted for 17.4% (327/1876), 16.9% (317/1876) and 14.7% (275/1876) of total PET/CT cases performed respectively. Among the 17 patients with confirmed cerebral metastases on MRI or CT, 82.3% (14/17) patients suffered from primary bronchogenic carcinoma.

Discussion {#sec1-4}
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With improved survival rates in oncology patients due to advances in cancer therapy, rising incidence of brain metastases is noted in the past decade. CT and MRI remain the major radiological modalities for assessment of cerebral metastases. Contrast-enhanced MRI is regarded as the gold standard imaging concerning detection of cerebral metastasis. Compared to contrast-enhanced CT, it has higher image contrast, lack of partial volume effects and bone artifacts, as well as an inherently better soft tissue contrast resolution. In addition, MRI has better ability to identify small-sized and more number of cerebral metastases compared with contrast-enhanced CT.\[[@ref5]\] In contrast, there are many studies that challenge the ability of FDG PET in detecting cerebral metastases. We design this study as we want to know if FDG PET/CT, with the assistance of hybrid low dose CT, can effectively detect sizeable cerebral metastases, particular those lesions with mass effect that patients can benefit from immediate treatment.

Admittedly, FDG PET is insensitive as a screening test for detection of brain metastases in oncology patients. In our study, the point prevalence of detecting unknown cerebral metastases by PET/CT was 2.1%. The hybrid PET/CT scanner, with the help of low dose CT, improved the detection rate of cerebral metastases compared with FDG PET alone (0.4% as illustrated in the introduction). Most importantly, the low dose CT helps to pick up cerebral deposits with significant mass effect. Most of our patients with brain metastases showed significant perifocal edema. Cerebral metastasis with mass effect can be life-threatening or lead to significant clinical morbidity. Immediate treatment can effectively reduce perifocal edema and minimize clinical morbidity and mortality. In this retrospective study, more than 90% patients with newly diagnosed brain metastases confirmed with either MRI or CT received immediate treatment for cerebral deposits. PET/CT demonstrated great clinical impact by identifying cerebral lesions with mass effect, so that timely treatment could be offered and hopefully improved the clinical morbidity.

Brain metastases are commonly encountered in patients with primary cancer of the lung, breast and colon. Among all types of malignancy, lung cancer has the highest frequency of cerebral metastases.\[[@ref6][@ref7]\] About 60% of brain metastases without known primary site are metastatic deposits from lung cancer.\[[@ref8][@ref9]\] According to a large scale study comprised of 975 surgically treated early-stage nonsmall cell lung cancer (NSCLC) patients, the 5 years actuarial risk of brain metastases was 10%. The risk of developing brain metastases after definitive treatment for locally-advanced NSCLC was approximately 30-50%.\[[@ref10]\] For small cell lung cancer (SCLC), up to 10% patients can have brain metastases at the time of diagnosis.\[[@ref11]\] In our study, of those patients with newly diagnosed cerebral metastases by PET/CT, 62.5% (25/40) patients suffered from primary bronchogenic carcinoma. During the study period, it accounted for only 17.4% (327/1876) of the total referrals. Our findings concur with the generally accepted fact that the most common primary site of metastatic brain lesion is lung cancer.\[[@ref12]\]

In our study, 24 out of 25 lung cancer patients with newly diagnosed cerebral metastases belonged to NSCLC, while only one patient suffered from SCLC. Among the 24 NSCLC patients, 19 patients had hypermetabolic brain metastases while 5 patients had hypometabolic brain metastases. We found that brain metastases from NSCLC were mostly hypermetabolic rather than hypometabolic compared with the adjacent brain parenchyma. Our findings concur with other larger-scale study that NSCLC was more commonly associated with hypermetabolic rather than hypometabolic metastatic brain lesion.\[[@ref13]\] On the other hand, FDG hypometabolism has been reported in brain metastases from both SCLC and NSCLC.\[[@ref13][@ref14]\] The two types of cancers had different biological and clinical characteristics.\[[@ref15]\] Since we have only one SCLC patient (who had hypermetabolic brain metastasis), more SCLC cases are required for further comparison of metabolic behavior between the two groups of lung cancer.

In our study, among the 17 patients suffered from cerebral metastases subsequently confirmed with either MRI or CT, 13 patients received additional dedicated 3D brain PET imaging. Currently, routine whole-body 3D image acquisition was widely used for most of the latest PET/CT machine, in contrast to our older-generation PET/CT, which only enabled whole-body 2D image acquisition. In dedicated brain series, patient was instructed to lower their arms so as to avoid artefact from the raised arm position as in routine oncological protocol. It has higher sensitivity with better signal-to-noise ratio and lesion detection performance \[[Figure 1](#F1){ref-type="fig"}\]. It is worthy to further explore if dedicated brain series should be routinely performed in patients undergo whole body PET/CT examination, particularly in those suffered from bronchogenic carcinoma.

![81 year old female with right lower lobe lung cancer. Dedicated brain positron emission tomography/computed tomography series showed FDG avid brain metastasis at right high parietal region, maximum standardized uptake value up to 13.0](WJNM-13-108-g001){#F1}

This study had several limitations. First, dedicated 3D brain imaging was not performed in most of our patients underwent routine oncology protocols, which hampered the diagnostic accuracy for detection of cerebral metastases. Second, intravenous contrast material was not given in most of our patients in our routine protocol. Some studies showed that contrast-enhanced CT was more accurate for diagnosing cerebral metastases than unenhanced CT.\[[@ref16][@ref17]\] Moreover, with the low dose CT used in our oncology PET/CT protocol, it should be reminded that the diagnostic accuracy of CT in this study is worse compared with that of diagnostic CT brain. Lastly, CT and MRI findings, instead of histopathological confirmation, were regarded as the reference standard in this study. Histopathological confirmation would not be achieved in all suspected cases and hence other disease entities could be wrongly regarded as cerebral metastases.

Conclusion {#sec1-5}
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The point prevalence of detecting unknown cerebral metastases by PET/CT was 2.1%. 94.1% patients with newly diagnosed brain metastases confirmed with either MRI or CT received immediate treatment for cerebral metastasis in this retrospective study. PET/CT demonstrated significant clinical impact by identifying cerebral lesions with mass effect, so that timely treatment could be offered. Inclusion of brain within the field of view in PET/CT may be useful for evaluation of sizable cerebral metastases, particularly in patients suffered from primary bronchogenic carcinoma.
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